New UBV photometric observations of the recently discovered eccentric orbit binary V401 Lacertae were analyzed by using the Wilson-Devinney program. Seven new minimum times were estimated by using new observations. The analysis of the light curves and all available minimum times has revealed that the system is detached, with the orbital eccentricity e = 0.1734 ± 0.0003, the longitude of the periastron ω = 63.
Introduction
The system V401 Lacertae = BD +48 3621 = HIP 109283 = HD 210308 (RA = 22 h 08 m 21. s 25, Dec = + 49
• 13 15. 6 at 2000.0) is among the recent photometric discoveries of the Hipparcos project (ESA 1997) . The Hipparcos photometric light curve of the system indicates an eccentric eclipsing binary with unevolved components of the Algol type. The depths of the minima are 0.216 mag and 0.089 mag in V , respectively. The mean orbital period and the epoch derived by the best light curve fitting Hipparcos light curve were 1. d 95010 and JD 2448501.7900. The spectral type of the system was given as A0. The parallax measured by Hipparcos is 3.88 ± 0.93mas, for a distance of 258 ± 62 pc.
V401 Lac is the brighter member of the visual binary ADS 15661 (CCDM J22084 + 4913). The companion (TYC 3614-02651-1), at a separation of 3. 8, is ∼ 3. m 17 fainter than the binary system.
The first ground-based UBV photometry of the system was carried out by Bulut and Demircan (2001) . The light curves that they obtained confirmed the effects of the orbital eccentricity, i.e. the displacement of the secondary eclipse from the phase 0.5, and the different durations of the primary and secondary minima. They reported a rapid apsidal motion in V401 Lac by comparing only two existing light curves. Bulut and Demircan (2002) analyzed the Hipparcos photometric data of the system by using the EBOP (Eclipsing Binary Orbit Program) program [based on the model by Nelson et al. (Popper, Etzel 1981) ]. They found an eccentricity of e = 0.18 with longitude of periastron being ω = 26.
• 51. The first period analysis of V401 Lac was made by Wolf et al. (2004) . By using only 11 times of the minimum light they deduced an eccentricity of 0.161 and an apsidal period of 79.4 yr for the binary orbit.
New photometric observations (Bulut, Demircan 2001) , which are available on request from the authors, were analysed and the results were compared to earlier solutions. From the new observations, we obtained seven new times of the minima, and determined the apsidal motion parameters of the system by using different methods.
Observations
New photometric observations were made over 19 nights at the National Observatory (TUG) of TÜBİTAK (Scientific and Technical Research Council of Turkey), in 2000-2001 and 2 nights at Ç anakkale Onsekiz Mart University Observatory (Ç OMUO) in 2002 by using 40-cm Schmidt-Cassegrain telescope. The detectors used in both observatories were single-channel, uncooled SSP-5 photometers equipped with Hamamatsu R4457 (at TUG) and R6358 (at Ç OMUO) photomultiplier tubes.
The main comparison star was BD +48 3613 (HIP 109026, HD 209856; A0, V = 8. m 24), which has shown no evidence of variability in our data, nor in measurements made by Hipparcos, which give a scatter of only 0. m 016 (rms deviation of the individual data points). BD +44 4041 (HIP 109079, HD 209932; A0V, V = 6. m 495) was used as a check star. All differential observations were corrected for atmospheric extinction, using an extinction coefficient derived from nightly observations of the comparison star. In total, 832, 830, and 810 observational points were obtained in the U , B, and V filters, respectively, during the 2000-2001 season. The differential measurements were made in a sequence comparison-variablesky-variable-comparison. The total integration time in each filter was 10 s. The differential magnitudes, in the sense of variable minus comparison, were corrected for atmospheric extinction with the Hardie's method (Hardie 1962) , and the observing times were reduced to the Sun's center. For the TUG observations, the probable error of a single observation was estimated to be ±0. 014, ±0.011, and ±0.008 in the U , B, and V filters, respectively. Instrumental differential U , B, and V light curves are plotted in figure 1 along with the fitted light curve derived in section 4. Due to the close proximity of the visual companion, it could not be excluded from the diaphragm during the observations, and therefore our photometric measurements were contaminated by the third light. In Hipparcos Double and Multiple Stars Annex (ESA 1997) , the magnitude of the visual companion was given as 11. m 41, in the V filter. Figure 1 clearly shows that V401 Lac is a well-detached system with a high-eccentricity orbit, consisting of components having remarkably different effective temperatures.
The variable fades 0. m 216 in the V filter during the primary eclipse and 0. m 089 during the secondary eclipse. The durations of primary and secondary eclipses are 3.76 hr and 4.28 hr, respectively.
Ephemeris and Apsidal Motion
During our observations, we obtained four primary and three secondary times of the minimum. These times of the minimum and their errors, which were determined by using Kwee and van Woerden (1956) 's method, are presented in table 1 among other data found in the literature. In table 1, each time of the minimum obtained by us is an averaged value of the times of the minimum obtained in the U , B, and V filters during the same observational night. Thus, we had a total of 17 photoelectric and ccd times of the minimum light, with 11 primary eclipses among them.
The minimum times given in table 1 allow the determination of linear ephemerides independently for primary and secondary eclipses with the following results:
The eclipse of secondary star occurs at the phase φ II = 0.55 in our observations. The values of the periods for the primary and secondary minimum in equations (1) and (2) differ significantly, suggesting apsidal motion. The linear ephemeris for the primary minimum mentioned above was adopted for use in our light-curve solutions given below.
The complete determination of the apsidal motion rate of V401 Lac was accomplished in two steps. First, we made a preliminary estimate of the apsidal period by assuming a linear advance in longitude of periastron between the epochs of two photometric studies by Hipparcos and ourselves. The Hipparcos light curves were obtained between 1989 and 1993, and we used the mean of the observing dates, HJD 2448423.6 (BY 1991.6), as the epoch corresponding to their own measured longitude of periastron, ω = 26.
• 51. Our observation spans far the years 2000-2001, and the mean epoch 9) . Thus, the linear advance in longitude of the periastron isω = 4.
• 0 yr −1 , corresponding to an apsidal period of U = 90yr.
Secondly, upon further examination of the timing residuals from our ephemeris solution, we noticed patterns that suggested slightly different periods for the primary and secondary minima. This prompted us to solve for the apsidal motion, for which we used the method described by Lacy (1992) . Also, since the eccentricity is only weakly constrained by the observations in this case, we adopted a value of e = 0.1734 from the light-curve solutions given later in table 3. For the inclination angle we used i = 81.
• 03, from the lightcurve solutions. The results are given in table 2. In this table, (P a ) and (P s ) are the anomalous and sidereal periods, respectively. The zero epoch is given (T 0 ) and the corresponding position of the periastron is represented by (ω 0 ). The apsidal motion rate (ω) that we obtain seems to be statistically significant,ω = 0.
• 0200 ± 0.
• 0024 per cycle. This corresponds to an apsidal period of U = 96.2 ± 11.4 yr, which is significantly different from that of Wolf et al. (2004) estimate. The ephemeris curve is shown in figure 2 , along with the residuals from the observed primary and secondary minima. The observations cover about 12% of the apsidal period.
Analysis of the Light Curves
The light curves obtained in 2000-2001 (mean epoch 2000.9) were solved with the model of Wilson-Devinney (W-D), described in Wilson and Devinney (1971) and in Wilson (1979 Wilson ( , 1990 . The modal version developed by Wilson (2003, private communication) was used. In applying this procedure, we chose mode 2 for a detached configuration (as suggested by the light curve). The luminosity of the secondary is constrained for the specific radiation law used: a black body in this case (that is, this luminosity is coupled to assigned temperatures through the Planck formula). The differential magnitudes of the observed points were converted to relative intensities and normalized to a unit corresponding to the mean magnitude from both maxima. All of the observational points were used in solutions.
The W-D method assumes the star surfaces to be Rochetype equipotentials, and computes the light curves as a function of the following parameters: orbital eccentricity (e), longitude of periastron (ω), the rate of change of the longitude of periastron (ω), orbital inclination (i), phase shift (of primary conjunction) (PSHIFT), gravity darkening exponents (g 1,2 ), flux-weighted average surface temperature (T 1,2 ), linear or logarithmic limb darkening coefficients (x 1,2 ), bolometric albedos (A 1,2 ), surface potentials (Ω 1,2 ), mass ratio q = m 2 /m 1 , unnormalized monochromatic luminosities (L 1,2 ), and third star light (L 3 ). The differential corrections (DC) program of the W-D method gives a least-squares fit to a given light curve. In this method, some parameters of the components should be fixed. These parameters may be estimated from the known characteristics of the stars. The temperature of the primary star is T 1 = 10800 K, (from Zombeck 1990), corresponding to spectral type A0 given by the Hipparcos Catalogue. The linear limb darkening coefficients (x 1,2 ) were taken from van Hamme (1993); the gravity darkening exponents (g 1,2 = 1 for radiative atmospheres) following von Zeipel (1924) , were set to appropriate values. Also, the bolometric albedos (A 1,2 ) were set to 1.0 for radiative atmospheres. The rate of change of the longitude of periastron (ω) was adopted from the apsidal motion analysis in table 2.
The mass ratio (q) is also a very important parameter because the W-D method is based on the Roche geometry of the system, which is very sensitive to the mass ratio. Since there is no spectroscopically determined value for the mass ratio, nine trial values of the mass ratio (q), between 0.1 and 0.9, were employed in the modelling. The U , B, and V light curves were used simultaneously in this process, and (i), (T 2 ), (L 1 ), (Ω 1 and Ω 2 ) were allowed to be adjustable parameters within the program's evaluation procedure. In this way, we arrived at a value of q = 0.4, for which the W (O −C) 2 would minimize. This value was used later as the initial value of the mass ratio in a differential-correction stage of the program.
In the analysis we obtained simultaneous solutions of the U , B, and V light curves, where we fixed the third light contribution in the total light of the system (L 3 ) as 0.0355, 0.0494, and 0.0607 in the U , B, and V filters, based on the published magnitudes of the visual component from Hipparcos Double and Multiple Stars Annex (ESA 1997) .
The free parameters in the light-curve fitting were (T 2 ), (Ω 1 ) and (Ω 2 ), (L 1 ), (e), (ω), (PSHIFT), (i), and (q). At each iteration, the differential corrections were applied to the input parameters to build a new set of parameters for the next iteration. The result was carefully checked in order to avoid any possible unphysical situations (e.g., Roche lobe filling in detached configuration). A solution was defined as the set of parameters for which the differential corrections suggested by the W-D code were smaller than the standard errors during three consecutive iterations. However, when a solution was found, the program did not stop. The best fitting parameters to the light curve are presented in table 3. The errors given in this table are the output errors of the W-D code. The theoretical light curves calculated by using the parameters obtained from simultaneous modelling of the U , B, and V light curves are shown in figure 1.
Conclusions and Remarks
A new differential photometry of the eclipsing binary V401 Lac has been modeled using an improved version of the Wilson-Devinney program, which includes apsidal motion parameters. The best fit to the light curves was achieved for the stellar and orbital properties listed in table 3. Also, seven new minimum times were added to the published ones and the complete set was analysed for the apsidal motion parameters of V401 Lac.
When the third light contribution (coming from the visual companion) to the total light of the system is taken into account in the light curve analysis, the relative radii and the surface potentials of the components decrease, while the orbital inclination obviously increases. The light contamination by the visual companion is around 6% of the total light in the V filter.
The analysis has shown that the system is a detached eclipsing binary with a significantly eccentric orbit (e = 0.1734 ± 0.0003). The orbital eccentricity and the apsidal motion period (see table 2) were obtained to be significantly larger than that given by Wolf et al. (2004) . The longitude of the periastron is well established in both apsidal motion and a light-curve analysis of the observational data.
The W-D output was independently checked against the EBOP outputs (see table 3 ). There is no major disparity in the findings of these separate analyses.
A more complete understanding of the system awaits spectroscopic observations, which are required to confirm the temperatures and to refine the orbit as well as to search for a possible change in the systemic velocity. Such data could also allow a spectroscopic determination of the luminosity ratio, L 2 /L 1 , to constrain the stellar radii, allowing for a more reliable determination of the internal-structure constants and system age. They could also yield rotational velocities, which can be used to check the degree of tidal synchronism. Finally, there is a need for new times of minima to confirm the apparent apsidal-motion.
